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ABSTRACT 
-------- 
A n o n  d i g e s t i o n  m e t h o d  d e s c r i b e d  e a r l i e r  f o r  K 
d e t e r m i n a t i o n  was t e s t e d  f o r  i t s  a b i l i t y  t o  e x t r a c t  
s e v e r a l  o t h e r  e l e m e n t s  i n  p l a n t  t i s s u e s  o f  s o r g h u m ,  
p e a r l  m i l  l e t ,  c h i c k p e a ,  a n d  p i g e o n p e a .  T h e  m e t h o d  
i n v o l v e s  s h a k i n g  0 . 5  g  f i n e l y  g r o u n d  ( ~ 0 . 4  m m )  p l a n t  
s a m p l e  w i t h  4 0  m l  o f  0 . 5  N HC1 f o r  5  m i n u t e s  a t  r o o m  
t e m p e r a t u r e  ( 25' C )  f o l l o w e d  b y  m e a s u r e m e n t  o f  
e l e m e n t  c o n c e n t r a t i o n s  i n  t h e  f i l t r a t e .  T h e  v a l u e s  o f  
Ca, Mg, Zn, a n d  Mn o b t a i n e d  b y  t h i s  m e t h o d  w e r e  i n  
g o o d  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  u s i n g  t h e  t r i a c i d  
d i g e s t i o n  t e c h n i q u e .  H o w e v e r ,  t h i s  was n o t  t h e  c a s e  
f o r  f', F e  a n d  Cu. T h e  p r e c i s i o n  o b t a i n e d  i n  
d e t e r m i n i n g  Ca, Mg, Zn a n d  Mn b y  t h e  HC1 e x t r a c t i o n  
m e t h o d  was g e n e r a l l y  c o m p a r a b l e  t o  t h a t  o b t a i n e d  b y  
t h e  t r i a c i d  d i g e s t i o n  m e t h o d .  T h e s e  r e s u l t s  s u g g e s t  
t h a t  t h e  HC1 e x t r a c t i o n  m e t h o d  c a n  b e  u s e d  f o r  r o u t i n e  
a n d  r a p i d  a n a l y s i s  o f  p l a n t  t i s s u e s  f o r  Ca, Mg, Zn a n d  
Mn c o n t e n t s  a s  w e l l  a s  f o r  K c o n t e n t .  
I N T R O D U C T I O N  
------------ 
6.7  
I n  e a r l i e r  c o m m u n i c a t i o n s  I d e s c r i b e d  a  n o n -  
d i g e s t i o n  m e t h o d  f o r  d e t e r m i n i n g  K i n  p l a n t  m a t e r i a l s .  
The  m e t h o d  was e v a l u a t e d  f o r  e s t i m a t i n g  K i n  d i v e r s e  
p l a n t  t i s s u e  a n d  s e e d  m a t e r i a l s  o f  m a i z e ,  g r o u n d n u t ,  
s o r g h u m ,  p e a r l  m i l l e t ,  c h i c k p e a  a n d  p i g e o n p e a  w i t h  a  
r a n g e  i n  K c o n t e n t .  The m e t h o d  g a v e  K v a l u e s  t h a t  
w e r e  i n  c l o s e  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  b y  t h e  
t r i a c i d  d i g e s t i o n  t e c h n i q u e .  T h i s  m e t h o d  i s  s i m p l e  
a n d  r a p i d  a n d  i n v o l v e s  e x t r a c t i o n  o f  t h e  f i n e l y  g r o u n d  
p l a n t  m a t e r i a l s  w i t h  d i l u t e  HC1 f o r  a s h o r t  t i m e  
f o l l o w e d  b y  m e a s u r e m e n t  o f  K i n  t h e  e x t r a c t  b y  a t o m i c  
a b s o r p t i o n  s p e c t r o p h o t o m e t r y .  
S i n c e  p u b l i c a t i o n  o f  t h e  HC1 e x t r a c t i o n  m e t h o d  f o r  
6  
d e t e r m i n i n g  K i n  p l a n t  s a m p l e s  , a  n u m b e r  o f  m o d i f i e d  
v e r s i o n s  o f  t h i s  t e c h n i q u e  h a v e  b e e n  e v a l u a t e d  f o r  
e s t i m a t i n g  s e v e r a l  c a t i o n s  i n  d i v e r s e  p l a n t  m a t e r i a l s .  
3 
F o r  e x a m p l e ,  H u n t  f o u n d  t h a t  t r e a t m e n t  o f  t h e  f i n e l y  
0 
g r o u n d  p l a n t  m a t e r i a l s  w i t h  0. 5 M HC1 a t  30 C f o r  1 5  
m i n u t e s  w i t h  o c c a s i o n a l  s w i r l i n g  was s u f f i c i e n t  t o  
r e c o v e r  K,  Ca, a n d  Mg. The  v a l u e s  o f  K,  Ca a n d  Mg 
o b t a i n e d  b y  t h i s  m e t h o d  w e r e  h i g h l y  c o r r e l a t e d  w i t h  
t h o s e  o b t a i n e d  b y  a  w e t  d i g e s t i o n  m e t h o d .  
2  
Hamze e t  a l .  e v a l u a t e d  s i x  d i g e s t i o n  p r o c e d u r e s  
t o  d e t e r m i n e  Ca, K ,  Mg a n d  Na i n  c i t r u s  l e a v e s  a n d  
f o u n d  t h a t  t h e  t r i a c i d  d i g e s t i o n  was t h e  b e s t .  
H o w e v e r ,  e x t r a c t i o n  o f  t h e  s a m p l e s  w i t h  d i l u t e  HC1 o r  
h o t  w a t e r  d i g e s t i o n  w e r e  f o u n d  t o  b e  s a t i s f a c t o r y  f o r  
d e t e r m i n a t i o n  o f  K a n d  Na. T h e i r  d i l u t e  HC1 e x t r a c t i o n  
m e t h o d  i n v o l v e d  s o a k i n g  o f  t h e  g r o u n d  p l a n t  m a t e r i a l s  
i n  0 . 1  N HC1 f o r  2 4  h o u r s .  
5  
I n  a  r e c e n t  s t u d y ,  M i y a z a w a  e t  a l .  f o u n d  t h a t  a  
m o d i f i e d  v e r s i o n  o f  t h e  HC1 e x t r a c t i o n  m e t h o d  was 
s a t i s f a c t o r y  f o r  d e t e r m i n i n g  Ca, Mg, K,  Mn, Cu, a n d  Zn 
i n  c o f f e e ,  s o y b e a n ,  c o r n ,  s u n f l o w e r  a n d  g r a s s  l e a f  
t i s s u e .  T h e i r  metho,d  i n v o l v e d  d i g e s t i n g  t h e  f i n e l y  
g r o u n d  p l a n t  s a m p l e s  ( 5 0 0  mg) w i t h  2 5  m l  o f  1  N HC1 a t  
0 
80 C i n  a  w a t e r  b a t h  f o r  1 5  m i n u t e s .  The  HC1 m i x t u r e  
was c o o l e d  a n d  s h a k e n  f o r  50  m i n u t e s  o n  a  h o r i z o n t a l  
s h a k e r ,  f o l l o w e d  b y  d e t e r m i n a t i o n  o f  t h e  e l e m e n t  i n  t h e  
e x t r a c t  b y  a n  a t o m i c  a d s o r p t i o n  s p e c t r o p h o t o m e t e r .  
T h i s  m e t h o d  was n o t  s u i t a b l e  f o r  m e a s u r i n g  P a n d  Fe i n  
t h e  p l a n t  s a m p l e s .  
6 
T h e  HC1 e x t r a c t i o n  m e t h o d  p r o p o s e d  b y  S a h r a w a t  i s  
m o r e  r a p i d  a n d  s i m p l e r  t h a n  t h e  m o d i f i c a t i o n s  o f  t h i s  
6 . 7  
m e t h o d  d i s c u s s e d  a b o v e .  S a h r a w a t  f o u n d  t h a t  
e x t r a c t i o n  o f  t h e  f i n e l y  g r o u n d  p l a n t  t i s s u e  o r  s e e d  
m a t e r i a l s  w i t h  0 . 5  N HC1 f o r  a  s h o r t  t i m e  ( 5  m i n u t e s )  
was s u f f i c i e n t  f o r  K r e c o v e r y .  
T h i s  b r i e f  r e v i e w  i n d i c a t e s  t h a t  K a n d  Na r e c o v e r y  
w i t h  d i l u t e  c o l d  HC1 o r  h o t  w a t e r  i s  g o o d  b e c a u s e  t h e s e  
e l e m e n t s  a r e  p r e s e n t  m a i n l y  i n  s o l u b l e  f o r m s  w i t h i n  t h e  
p l a n t .  H o w e v e r ,  e l e m e n t s  s u c h  a s  Ca a n d  Mg a r e  l i k e l y  
a s s o c i a t e d  w i t h  t h e  d r y  m a t t e r  o f  t h e  p l a n t .  
The  o b j e c t i v e  o f  t h i s  w o r k  was t o  t e s t  t h e  HC1 
6 
e x t r a c t i o n  m e t h o d  f o r  d e t e r m i n i n g  s e v e r a l  m i n e r a l  
n u t r i e n t  e l e m e n t s  o t h e r  t h a n  K i n  p l a n t  t i s s u e  o f  
d i f f e r e n t  c r o p s .  
MATERIALS A N D  M E T H O D S  
--------- --- ------- 
P l a n t  s a m p l e s  ( l e a f  a n d  s t e m )  o f  s o r g h u m  ( S o r g h u m .  --- --- 
b i c o l o r  ( L . )  M o e n c h ) ,  
------- 
p e a r l  m i  1  l e t  ( P e n n i  -------- s e t u m  
a m e r i c a n u m  ( L . )  L e e k e ) ,  c h i c k p e a  ( C i c e r  a r i e t i n u m  L . )  
---------- ----- --------- 
a n d  p i g e o n p e a  ( C a d a n u s  -- ---- -- caJan -- ( L . )  M i l l s p . )  w e r e  
s e l e c t e d  f r o m  t h e  l a r g e  n u m b e r  o f  s a m p l e s  r e c e i v e d  i n  
o u r  a n a l y t i c a l  l a b o r a t o r y  f o r  v a r i o u s  a n a l y s e s ,  t o  
p r o v i d e  a  r a n g e  o f  p l a n t  m a t e r i a l  w i t h  d i f f e r e n t  
e l e m e n t  c o n c e n t r a t i o n s  f o r  t e s t i n g .  The  w h o l e  p l a n t  
HLL EX'LKACTION METHOD 951 
s a m p l e s  w e r e  f i n e l y  g r o u n d  ( < 0 . 4  m m )  u s i n g  a  W i l e y  
m i l l .  T h e  g r o u n d  s a m p l e s  w e r e  d r i e d  i n  t h e  o v e n  a t  
0 
6 0  C f o r  2 4  h o u r s  p r i o r  t o  a n a l y s i s .  
T h e  m e t h o d  u s e d  was t h e  same a s  d e s c r i b e d  
6 , 7  
e a r l i e r  . B r i e f l y ,  0 . 5  g  o f  t h e  f i n e l y  g r o u n d  p l a n t  
m a t e r i a l  was s h a k e n  w i t h  4 0  m l  o f  0 . 5  N HC1 f o r  5  
m i n u t e s  i n  a  r e c i p r o c a t i n g  s h a k e r .  The s u s p e n s i o n  was 
f i l t e r e d  t h r o u g h  Whatman No. 1  f i l t e r  p a p e r  a n d  Ca, Mg, 
Fe, Zn, Mn a n d  Cu i n  t h e  e x t r a c t  w e r e  d e t e r m i n e d  u s i n g  
a n  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  ( V a r i a n  
T e c h t r o n ,  M o d e l  1 2 0 0 ) .  P h o s p h o r u s  i n  t h e  e x t r a c t  was 
4 
d e t e r m i n e d  u s i n g  t h e  v a n a d o m o l y b d a t e  m e t h o d  . T h e  
i n t e r f e r i n g  c o l o r  was r e m o v e d  b y  s h a k i n g  t h e  e x t r a c t  
w i t h  a c t i v a t e d  c h a r c o a l .  
The v a l u e s  o f  m i n e r a l  n u t r i e n t  e l e m e n t s  o b t a i n e d  
u s i n g  t h i s  t e c h n i q u e  w e r e  c o m p a r e d  w i t h  t h o s e  
4 
d e t e r m i n e d  b y  t h e  t r i a c i d  d i g e s t i o n  m e t h o d  , a s  
6 
d e s c r i b e d  e a r l i e r  . U n l e s s  o t h e r w i s e  s t a t e d  a l l  t h e  
d a t a  r e p o r t e d  w e r e  f r o m  a t  l e a s t  d u p l  i c a t e  
d e t e r m i n a t i o n s .  
T h e  f u n c t i o n a l  r e l a t i o n s h i p s  b e t w e e n  t h e  HC1 
e x t r a c t i o n  m e t h o d  a n d  t h e  t r i a c i d  d i g e s t i o n  m e t h o d  w e r e  
8 
w o r k e d  o u t  . 
RESULTS A N D  DISCUSSION 
------- --- ---------- 
W h i l e  t h e  m e t h o d  was s u i t a b l e  f o r  e s t i m a t i n g  Ca, 
Mg, Zn  a n d  Mn c o n t e n t  i n  d i v e r s e  p l a n t  t i s s u e ,  i t  was  
u n s a t i s f a c t o r y  f o r  m e a s u r i  n g  P, F e  a n d  Cu. 
C o n c e n t r a t i o n s  o f  Ca, Mg, Zn  a n d  Mn i n  v a r i o u s  p l a n t  
t i s s u e s  a s  d e t e r m i n e d  b y  t h e  HC1 e x t r a c t i o n  m e t h o d  w e r e  
g e n e r a l l y  i n  c l o s e  a g r e e m e n t  w i t h  t h o s e  m e a s u r e d  w i t h  
t r i a c i d  d i g e s t i o n  ( T a b l e  1 ;  F i g s .  1 - 4 ) .  
H o w e v e r ,  t h e r e  w e r e  some d i s c r e p a n c i e s  b e t w e e n  t h e  
t w o  m e t h o d s  i n  t h e  v a l u e s  m e a s u r e d ;  f o r  e x a m p l e ,  f o r  Ca 
a n d  Mg i n  s o r g h u m  ( T a b l e  1 ) .  T h e  s a m p l e s  t e s t e d  h a d  a  
w i d e  r a n g e  o f  c o n c e n t r a t i o n s  o f  t h e  e l e m e n t s  m e a s u r e d ,  
p a r t i c u l a r l y  o f  Ca a n d  Mg, t h u s  d e m o n s t r a t i n g  t h e  
s u i t a b i l i t y  o f  t h e  t e c h n i q u e  f o r  d i v e r s e  t i s s u e s  o f  
v a r y i n g  e l e m e n t  c o n c e n t r a t i o n s .  T h e  r e s u l t s  a r e  i n  
3 
a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  b y  H u n t  a n d  M i y a z a w a  e t  
5 
a l .  u s i n g  m o d i f i e d  HC1 e x t r a c t i o n  t e c h n i q u e s .  
T h e  v a l u e s  o f  Ca, Mg, Zn a n d  Mn o b t a i n e d  b y  t h e  HC1 
e x t r a c t i o n  m e t h o d  w e r e  h i g h l y  c o r r e l a t e d  w i t h  t h o s e  
o b t a i n e d  b y  t h e  t r i a c i d  d i g e s t i o n  m e t h o d  i n  t h a t  m o s t  
o f  t h e  v a l u e s  e x c e p t  f o r  Ca a n d  Mg i n  t h e  l o w e r  r a n g e  
w e r e  w i t h i n  t h e  9 9 %  c o n f i d e n c e  b o u n d s  a s  d e t e r m i n e d  b y  
f u n c t i o n a l  r e l a t i o n s h i p s  b e t w e e n  t h e  t w o  m e t h o d s  
2 
( F i g s .  1 - 4 ) .  T h e  v a l u e s  o f  R f o r  t h e  p o o l e d  a n a l y s i s  
o f  a l l  c r o p s  f o r  d i f f e r e n t  e l e m e n t s  r a n g e d  f r o m  9 5 . 2  t o  
99.2%. 
HCL EXTRACTION METHOD 
TABLE 1  
C o m p a r i s o n  o f  t h e  H C 1  e x t r a c t i o n  a n d  t r i a c i d  d i g e s t i o n  
m e t h o d s  f o r  d e t e r m i n a t i o n  o f  Ca, Mg, Zn a n d  Mn i n  p l a n t  
s a m p l e s  o f  d i f f e r e n t  c r o p s .  
............................................................. 
T r i a c i d  d i g e s t i o n  HC1 e x t r a c t i o n  
No. o f  ----------------- --------------- 
C r o p s  s a m p l e s  Range  Mean Range  Mean 
............................................................. 
Ca, % 
S o r g h u m  1 5  0 . 4 3 - 0 . 8 5  0 . 5 6  0 . 3 6 - 0 . 7 0  0 . 4 5  
P e a r l  m i l l e t  1 0  0 .24 -0 .59  0 . 3 4  0 .30 -0 .67  0 . 4 0  
C h i c k p e a  15  2 . 2 2 - 3 . 0 1  2 . 6 2  2 .29 -3 .19  2 .71  
P i g e o n p e a  10  0 .25 -1 .76  0 . 7 8  0 .30 -1 .71  0 .83  
A l l  c r o p s  50 0 .24 -3 .01  1 . 1 8  0 .30-3 .19  1 . 2 0  
S o r g h u m  15 0 .18 -0 .39  0 . 2 5  0 . 1 3 - 0 . 2 9  0 .18  
P e a r l  m i l l e t  10  0 . 2 1 - 0 . 4 9  0 . 3 1  0 .21 -0 .55  0 .32  
C h i c k p e a  15  0 . 4 1 - 0 . 6 3  0 . 5 0  0 . 3 9 - 0 . 6 2  0 . 4 8  
P i g e o n p e a  20 0 .09 -0 .42  0 . 2 0  0 .08-0 .39  0 . 1 9  
A l l  c r o p s  60  0 .09 -0 .63  0 . 3 0  0 .08 -0 .62  0 . 2 8  
- 1  
Zn1 mg kg 
S o r g h u m  2'3 19 -41  30  16-38  28 
P e a r l  m i  11  e t  1 0  32-68  44 32-67 43 
C h i c k p e a  20  33-92  56 35 -98  59 
P i g e o n p e a  20 9-33 19  8-35 19  
A l l  c r o p s  7  3  9 -92  36 8 -98  36 
Mn, mg kg -1  
S o r g h u m  23 47-1  93  1 1 5  50-216  1 2 3  
P e a r l  m i l l e t  1 0  26-63  49  25-62  47 
C h i c k p e a  2 0  35-  184  87  39-1  58  83  
P i  g e o n p e a  20  11 -158  38  10 -150  36 
A l l  c r o p s  73 11 -193  7  7  10-21  6  77 
............................................................. 
SAHRAWAT 
Y = 0 . Z  + 0.96 X, R~ = 99.28 
x obsarved values 
Fig. 1. Functional  r e l a t i o n s h i p  between HC1 e x t r a c t i o n  method and t r i a c i d  
d iges t ion  method f o r  determination of Ca, and its 99% confidence 
bounds. 
HCL EXTRACTION METHOD 
Y = 0.04 + 0.91 X, R? = 95.29 
x observed values 
Fig.2. Functional re la t ionsh ip  between HC1 ex t rac t ion  method and t r i a c i d  
digest ion method f o r  determination of Mg, and i t s  99% confidence 
bounds. 
Y = 2.43 + 0.93 X,  R~ : 97.0% 
x observed values 
Fig. 3 .  Funct ional  r e l a t i o n s h i p  between H C 1  e x t r a c t i o n  method and t r i a c i d  
d i g e s t i o n  method f o r  de te rmina t ion  of Zn, and i ts  99b confidence 
bounds. 
Y = 6.75 t 0.91 X, R& = 97.2% 
x observed values 
Fig. 4. Functional r e l a t i onsh ip  between HCl ex t r ac t ion  method and t r i a c i d  
d iges t ion  method f o r  determination of Mn, and its 99b confidence 
bounds. 
The  p r e c i s i o n  a n d  a c c u r a c y  o f  t h e  p r o p o s e d  m e t h o d  
i s  f u r t h e r  b o r n e  o u t  f r o m  t h e  d a t a  o n  m u l t i p l e  
i n d e p e n d e n t  e x t r a c t i o n s  a n d  a n a l y s e s  o f  t h e  same s a m p l e  
( T a b l e  2 ) .  T h e  d a t a  show t h a t  t h e  HC1 e x t r a c t i o n  
m e t h o d  g e n e r a l l y  p r o v i d e d  p r e c i s i o n  c o m p a r a b l e  t o  t h a t  
o b t a i n e d  b y  t h e  t r i a c i d  d i g e s t i o n  m e t h o d  e x c e p t  i n  c a s e  
o f  Mn i n  p e a r l  m i l l e t  a n d  p i g e o n p e a  w h e r e  t h e  s t a n d a r d  
e r r o r  ( S E )  f o r  t h e  p r o p o s e d  m e t h o d  was h i g h e r  t h a n  t h a t  
o b t a i n e d  b y  t h e  t r i a c i d  d i g e s t i o n  m e t h o d .  
When a  new m e t h o d  i s  c o m p a r e d  w i t h  t h e  s t a n d a r d  
m e t h o d ,  i t  i s  d e s i r a b l e  t h a t  t h e  r e l a t i o n s h i p  r e s p o n s e s  
b y  t h e  t w o  m e t h o d s ,  b o t h  c o n t r i b u t i n g  t o  t h e i r  own 
e r r o r s  s h o u l d  b e  o b t a i n e d  as  f u n c t i o n a l  r e l a t i o n s  i n  
a d d i t i o n  t o  u s u a l  r e g r e s s i o n  w h i c h  p r o v i d e s  b i a s e d  
e s t i m a t e s  o f  s l o p e  a n d  i n t e r c e p t  o f  t h e  1 i n e a r  
f u n c t i o n a l  r e l a t i o n  b e t w e e n  m e a s u r e m e n t  o f  t h e  t w o  
8 
m e t h o d s  . 
T h e  c o e f f i c i e n t  o f  s l o p e  a n d  i n t e r c e p t  f o r  Ca, Mg, 
Zn a n d  Mn f o r  a l l  c r o p s  c o m b i n e d  w e r e  t h e r e f o r e  
e s t i m a t e d  u s i n g  t h e  a p p r o a c h  d e s c r i b e d  i n  K e n d a l l  a n d  
8 
S t u a r t  . T a b l e  3 s h o w s  t h e  c o e f f i c i e n t s  o f  f u n c t i o n a l  
l i n e a r  r e l a t i o n s h i p s  b e t w e e n  t h e  t w o  m e t h o d s  a l o n g w i t h  
t h e i r  9 5 %  c o n f i d e n c e  i n t e r v a l s .  I t  i s  c l e a r  t h a t  t h e s e  
i n t e r v a l s  f o r  i n t e r c e p t  e n c l o s e  z e r o  a n d  t h o s e  f o r  
TABLE 2 
 precision of 
d e t e r m i n a t i o n  
independent e 
t h e  HCl e x t r a c t i o n  and t r i a c i d  d i g e s t i o n  methods f o  
o f  Ca, Mg, Zn and Mn i n  p l a n t  t i s s u e ,  based on t e  
x t r a c t i o n s  and analyses o f  each sample. 
.................................................................... 
T r i a c i d  d i g e s t i o n  HC1 e x t r a c t i o n  
----------------- ----------------- 
Crop Range Mean SE(+) Range Mean SE(+) 
Ca, X 
Sorghum 0.33-0.36 0.343 0.001 
Pea r l  m i  1 l e t  0.29-0.36 0.305 0.002 
Chickpea 2.43-2.67 2.577 0.008 
P i  geonpea 0.33-0.48 0.421 0.004 
Sorghum 0.19-0.20 0.196 0.001 
Pea r l  m i  1 l e t  0.23-0.25 0.237 0.001 
Chickpea 0.49-0.51 0.501 0.001 
Pigeonpea 0.15-0.16 0.159 0.000 
- 1 
Sorghum 52-55 53.0 0.094 
Pea r l  m i l l e t  34-36 35.1 0.074 
Chickpea 53-55 53.8 0.092 
P i  geonpea 16-1 7 16.5 0.053 
- 1 
Mn, mg kg 
Sorghum 39-4 1 39.6 0.070 
Pea r l  m i l l e t  52-54 53.5 0.085 
Chickpea 120-125 121.5 0.158 
P i  geonpea 11-1 1 11.0 0.000 
T A B L E  3 
C o e f f i c i e n t s  o f  f u n c t i o n a l  l i n e a r  r e l a t i o n s h i p s  
b e t w e e n  HC1 e x t r a c t i o n  m e t h o d  a n d  t r i a c i d  d i g e s t i o n  
m e t h o d  f o r  d e t e r m i n a t i o n  o f  Ca, Mg, Zn a n d  Mn i n  p l a n t  
t i s s u e .  
...................................................... 




V a l u e s  a r e  f o r  a1  1  c r o p s  c o m b i n e d .  
V a l u e s  w i t h i n  p a r e n t h e s e s  a r e  t h e  95% c o n f i d e n c e  l i m i t s  
s l o p e s  e n c l o s e  u n i t y  i n  a l l  c a s e s ,  i n d i c a t i n g  t h a t  t h e  
t w o  m e t h o d s  a r e  p r o v i d i n g  t h e  same m e a s u r e m e n t  e x c e p t  
f o r  r a n d o m  f l u c t u a t i o n s .  
I t  t h u s  a p p e a r s  t h a t  t h e  HC1 e x t r a c t i o n  c a n  be  
u s e d  a s  a  s i m p l e  a n d  p r e c i s e  m e t h o d  f o r  d e t e r m i n i n g  Ca, 
Mg, Zn a n d  Mn, a s  w e l l  a s  K, i n  p l a n t  s a m p l e s .  T h i s  
t e c h n i q u e  a l l o w s  g r e a t e r  s p e e d  o f  a n a l y s i s  a n d  t h u s  
p e r m i t s  p r o c e s s i n g  o f  l a r g e r  n u m b e r  o f  s a m p l e s  p e r  u n i t  
t i m e .  H o w e v e r ,  when u s i n k  t h i s  t e c h n i q u e  f o r  p l a n t  
t i s s u e  o t h e r  t h a n  t h a t  u s e d  i n  t h i s  s t u d y ,  i t  i s  
HCL E X T R A C T I O N  METHOD 961  
s u g g e s t e d  t h a t  a t  l e a s t  s o m e  s a m p l e s  b e  c a l i b r a t e d  
a g a i n s t  s t a n d a r d  d i g e s t i o n  t e c h n i q u e s  t o  e n s u r e  t h a t  
t h e  e x t r a c t i o n  i s  c o m p l e t e .  
T h o u g h  Na a n a l y s i s  was n o t  a t t e m p t e d  u s i n g  t h e  
p r o p o s e d  m e t h o d  i t s  e x t r a c t i o n  s h o u l d  b e  c o m p l e t e  a s  i n  
t h e  c a s e  o f  K a n d  i t  s h o u l d  b e  p o s s i b l e  t o  d e t e r m i n e  Na 
i n  p l a n t  s a m p l e s  u s i n g  t h e  H C 1  e x t r a c t i o n  t e c h n i q u e .  
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